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(57) ABSTRACT 

A multi-level semiconductor device includes a first transistor 
on a semiconductor Substrate, the first transistor including a 
first source/drain region, a semiconductor layer on the 
semiconductor Substrate, a second transistor on the semi 
conductor layer, the second transistor including a second 
Source/drain region in a first portion of the semiconductor 
layer, and a contact pattern extending from the first source? 
drain region and contacting a second portion of the semi 
conductor layer, wherein the second portion of the semicon 
ductor layer has an impurity concentration that is greater 
than that of the second source/drain region. 
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MULTI-LEVEL SEMCONDUCTOR DEVICE 
AND METHOD OF FABRICATING THE 

SAME 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to a semiconductor 
device and method of fabricating the same. More particu 
larly, the present invention relates to a multi-level semicon 
ductor device in which a plurality of transistors are stacked 
and method of fabricating the same. 
0003 2. Description of the Related Art 
0004 Conventionally, a semiconductor device may 
include transistors disposed on a bulk Substrate to form 
circuits. However, the semiconductor device having transis 
tors disposed on a bulk Substrate has a limited integration 
density, and the integration density is further restricted 
because the device requires a structure for isolating the 
NMOS transistor and PMOS transistors that are formed on 
the same level. 
0005 Recently, a multi-level semiconductor device hav 
ing a plurality of transistor layers on the semiconductor 
Substrate has been investigated in order to solve latch-up 
problems and enhance integration density in the CMOS 
structure. Such a multi-level transistor structure may be 
employed in a SRAM cell having a high integration density 
and a CMOS structure. 
0006 ACMOS SRAM cell may use a PMOS transistor 
as load transistor. Two load transistors connected to Vcc and 
two drive transistors connected to VSS may form a latch. 
Two transfer transistors connected to respective bit lines and 
a word line WL may be connected to the latch. When the 
CMOS SRAM cell is formed on a bulk substrate, load 
transistors, which may be PMOS transistor, and drive tran 
sistors, which may be NMOS transistors, may be formed so 
close to each other that latch-up may occur. Thus the 
integration density may be limited in order to isolate PMOS 
transistors and NMOS transistors. 
0007. An SRAM cell could also be implemented as a 
multi-level transistor structure. However, in a multi-level 
structure, a transistor on an upper semiconductor layer may 
be connected to a contact pattern through a small contact 
area where the contact pattern meets a semiconductor layer. 
Due to a small contact area of the contact pattern with the 
semiconductor layer, resistance may be high. Further, in 
Such a structure, increasing the drain region of a load 
transistor or forming a thick semiconductor layer in order to 
decrease resistance may result in increasing the leakage 
current. Also, if ions are injected into a node diffusion layer 
in a portion contacting the contact pattern, in order to 
decrease the contact resistance between the contact pattern 
and the node diffusion layer, resistance may increase due to 
decrease in concentration of the drain region of the load 
transistor having opposite conductivity. 

SUMMARY OF THE INVENTION 

0008. The present invention is therefore directed to a 
multi-level semiconductor device and method of fabricating 
the same, which substantially overcome one or more of the 
problems due to the limitations and disadvantages of the 
related art. 

0009. It is therefore a feature of an embodiment of the 
present invention to provide a multi-level semiconductor 
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device and method of fabricating the same wherein transis 
tors formed on an upper layer exhibit good electrical char 
acteristics. 
0010. It is therefore a feature of an embodiment of the 
present invention to provide a multi-level semiconductor 
device and method of fabricating the same wherein a contact 
resistance between a contact pattern and a source/drain 
region is reduced. 
0011. It is therefore another feature of an embodiment of 
the present invention to provide a multi-level semiconductor 
device and a method of fabricating the same wherein a 
contact pattern contacts a single crystalline layer in a lower 
interlayer dielectric. 
0012. At least one of the above and other features and 
advantages of the present invention may be realized by 
providing a multi-level semiconductor device, including a 
first transistor on a semiconductor Substrate, the first tran 
sistor including a first Source/drain region, a semiconductor 
layer on the semiconductor Substrate, a second transistor on 
the semiconductor layer, the second transistor including a 
second source/drain region in a first portion of the semicon 
ductor layer, and a contact pattern extending from the first 
Source/drain region and contacting a second portion of the 
semiconductor layer, wherein the second portion of the 
semiconductor layer has an impurity concentration that is 
greater than that of the second source/drain region. 
0013 The second portion of the semiconductor layer may 
Surround the contact pattern. The contact pattern may 
include a contact plug, and a barrier layer, wherein the 
barrier layer may be interposed between the contact plug and 
the semiconductor layer, and between the contact plug and 
the semiconductor Substrate. 
0014. The device may be configured to provide a same 
electrical signal through the contact pattern to each of the 
first and second source/drain regions. The multi-level semi 
conductor device may further include a first interlayer 
dielectric covering the first transistor, the first interlayer 
dielectric may be between the semiconductor substrate and 
the semiconductor layer, and a second interlayer dielectric 
may cover the second transistor, wherein the contact pattern 
may extend from the first source/drain region through the 
first interlayer dielectric, the semiconductor layer, and the 
second interlayer dielectric in sequence. The contact pattern 
may include a contact plug, and a barrier layer, wherein the 
barrier layer may be between the contact plug and the first 
interlayer dielectric, between the contact plug and the sec 
ond interlayer dielectric, between the contact plug and the 
semiconductor layer, and between the contact plug and the 
semiconductor Substrate. 
0015 The contact pattern may contact a sidewall of the 
semiconductor layer and may partially overlap the semicon 
ductor layer so as to be in contact with a top Surface of the 
semiconductor layer. The multi-level semiconductor device 
may further include a single crystalline layer extending from 
the first source/drain region and contacting the semiconduc 
tor layer. The contact pattern may contact a sidewall of the 
single crystalline layer. The contact pattern may contact a 
sidewall of the single crystalline layer and the first source/ 
drain region. The device may be configured to provide a 
same electrical signal through the contact pattern to each of 
the first and second source/drain regions. 
0016. The multi-level semiconductor device may further 
include a first interlayer dielectric covering the first transis 
tor, the first interlayer dielectric being between the semi 
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conductor Substrate and the semiconductor layer, and a 
second interlayer dielectric covering the second transistor, 
wherein the single crystalline layer may extend through the 
first interlayer dielectric, and the contact pattern may extend 
through the first interlayer dielectric and the second inter 
layer dielectric. The contact pattern may contact a top 
Surface and sidewall of the second source/drain region, a 
sidewall of the single crystalline layer, and the first source/ 
drain region. The contact pattern may include a contact plug, 
and a barrier layer, wherein the barrier layer is interposed 
between the contact plug and the first interlayer dielectric, 
between the contact plug and the second interlayer dielec 
tric, between the contact plug and the semiconductor Sub 
strate, and between the contact plug and the single crystal 
line layer. 
0017. At least one of the above and other features and 
advantages of the present invention may also be realized by 
providing a method of fabricating a multi-level semicon 
ductor device, including forming a first transistor on a 
semiconductor Substrate, the first transistor including a first 
Source/drain region, forming a semiconductor layer on the 
semiconductor Substrate, forming a second transistor on the 
semiconductor layer, the second transistor including a sec 
ond source/drain region in a first portion of the semicon 
ductor layer, doping impurities in a second portion of the 
semiconductor layer to form a contact region having a 
higher impurity concentration than the second source/drain 
region, and forming a contact pattern that extends from the 
first source/drain region and contacts the contact region of 
the semiconductor layer. 
0018 Forming the semiconductor layer may include 
forming a first interlayer dielectric on the semiconductor 
substrate, the first interlayer dielectric having a first contact 
hole that exposes a portion of the semiconductor Substrate, 
and forming a single crystalline layer that extends from the 
semiconductor Substrate within the first contact hole across 
the first interlayer dielectric. Forming the contact region 
may include forming an upper contact hole in an upper 
interlayer dielectric on the semiconductor layer, the upper 
contact hole exposing a portion of the semiconductor layer 
and partially overlapping a single crystalline layer in a lower 
interlayer dielectric, and doping the impurities in the semi 
conductor layer, and wherein forming the contact pattern 
may include removing a portion of the lower interlayer 
dielectric exposed by the upper contact hole, and forming a 
conductive layer in the upper and lower contact holes, the 
conductive layer contacting the single crystalline layer. 
0019 Forming the contact region may include forming a 
contact hole that exposes a portion of the semiconductor 
layer, and doping the impurities in the exposed portion of the 
semiconductor layer to form an impurities region that 
extends laterally in the semiconductor layer beyond the 
exposed portion of the semiconductor layer. Forming the 
contact pattern may include removing the exposed portion of 
the semiconductor layer to expose a sidewall of the laterally 
extending impurities region, and forming a conductive layer 
in the contact hole, the conductive layer contacting the 
sidewall of the impurities region. Forming the impurities 
region may include a thermal treatment to diffuse the impu 
rities laterally in the semiconductor layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0020. The above and other features and advantages of the 
present invention will become more apparent to those of 
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ordinary skill in the art by describing in detail exemplary 
embodiments thereof with reference to the attached draw 
ings, in which: 
0021 FIG. 1 illustrates a cross-sectional view of a multi 
level semiconductor device according to a first embodiment 
of the present invention; 
0022 FIGS. 2 to 7 illustrate cross-sectional views of 
stages in a method of fabricating a multi-level semiconduc 
tor device according to the first embodiment of the present 
invention; and 
0023 FIGS. 8 and 9 illustrate cross-sectional views of 
stages in a method of fabricating a multi-level semiconduc 
tor device according to a second embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

(0024 Korean Patent Application No. 2006-12712, filed 
Feb. 9, 2006, in the Korean Intellectual Property Office, and 
entitled: “Multi-Level Semiconductor Device and Method 
of Fabricating the Same,” is incorporated by reference 
herein in its entirety. 
0025. The present invention will now be described more 
fully hereinafter with reference to the accompanying draw 
ings, in which exemplary embodiments of the invention are 
illustrated. The invention may, however, be embodied in 
different forms and should not be construed as limited to the 
embodiments set forth herein. Rather, these embodiments 
are provided so that this disclosure will be thorough and 
complete, and will fully convey the scope of the invention 
to those skilled in the art. 

0026. In the figures, the dimensions of layers and regions 
may be exaggerated for clarity of illustration. It will also be 
understood that when a layer or element is referred to as 
being “on” another layer or substrate, it can be directly on 
the other layer or substrate, or intervening layers may also 
be present. Further, it will be understood that when a layer 
is referred to as being “under another layer, it can be 
directly under, and one or more intervening layers may also 
be present. In addition, it will also be understood that when 
a layer is referred to as being “between two layers, it can 
be the only layer between the two layers, or one or more 
intervening layers may also be present. Like reference 
numerals refer to like elements throughout. 
0027 FIG. 1 illustrates a cross-sectional view of a multi 
level semiconductor device according to a first embodiment 
of the present invention. 
0028 Referring to FIG. 1, a device isolation layer 52 may 
be formed on a semiconductor substrate 50 to define an 
active region 54. A first transistor TD including first source/ 
drain regions 56s and 56.n may be formed in the active 
region 54. In the case of an SRAM, the first transistor may 
be a drive transistor, and the first source/drain region 56n 
may be a node diffusion layer. Although not shown in the 
drawings, a transfer transistor may be disposed in another 
region of the semiconductor substrate 50, and CMOS tran 
sistors constituting a peripheral circuit may also be formed. 
(0029. A first interlayer dielectric 58 may cover the sur 
face of the substrate where the first transistor TD is formed, 
and a semiconductor layer 60 may be formed on the first 
interlayer dielectric 58. A second transistor TL including the 
second source/drain regions 62s and 62d may be formed on 
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the semiconductor layer 60. The second transistor may have 
a channel with a different conductivity type from a channel 
of the first transistor TD. 

0030. A second interlayer dielectric 64 may be formed on 
the surface of the substrate where the first interlayer dielec 
tric 58 and the second transistor TL are formed. A contact 
pattern 66 may penetrate the first interlayer dielectric 58 and 
the second interlayer dielectric 64. 
0031. The contact pattern 66 may extend from the semi 
conductor substrate 50 to penetrate the semiconductor layer 
60, and may electrically connect the first Source/drain region 
56n of the first transistor TD with the second source? drain 
region 62d of the second transistor TL. In the case of a 
SRAM cell, the connections of the contact pattern 66 to the 
first transistor TD and the second transistor TL may corre 
spond to connections to two nodes of a latch, to which a load 
transistor and a drive transistor are connected, respectively. 
0032. The contact pattern 66 may be formed in a contact 
hole 65a penetrating the first interlayer dielectric 58 and the 
second interlayer dielectric 64. The contact pattern 66 may 
include a barrier layer, e.g., a barrier metal layer 66b, formed 
conformally on the sidewalls and bottom of a contact hole 
65a, as well as a conductive plug 66p filling the contact hole 
65a having the barrier metal layer 66b. A relatively heavily 
doped contact region 70 may be formed at a portion of the 
semiconductor layer 60 that is in contact with the contact 
pattern 66. A concentration of impurities doped in the 
contact region 70 may be higher than that of the second 
source/drain region 62d. 
0033 Although not shown in the drawings, the semicon 
ductor substrate 50 adjacent to the barrier metal layer 66b 
and the semiconductor layer 60 may be metal-silicided to 
forman ohmic layer. Also, another semiconductor layer may 
be formed on the second interlayer dielectric 58 to form a 
third transistor. The third transistor may be electrically 
connected with the first transistor, the second transistor or a 
transistor in another region according to the configuration of 
circuit. In this case also, the semiconductor layer 60 may 
have a relatively heavily doped contact region 70 at a portion 
contacting the contact pattern 66. 
0034 FIGS. 2 to 7 illustrate cross-sectional views of 
stages in a method of fabricating a multi-level semiconduc 
tor device according to the first embodiment of the present 
invention. 

0035) Referring to FIG. 2, the device isolation layer 52 
may be formed on a semiconductor substrate 50 to define the 
active region 54. Agate pattern may be formed in the active 
region 54, and impurities may be injected into the active 
regions at opposite sides adjacent to a gate pattern to form 
first source/drain regions 56s and 56 n. This structure may be 
the first transistor TD on the semiconductor substrate 50. In 
the case of a SRAM cell, the first transistor TD may be a 
drive transistor, e.g., an N-channel transistor. A transfer 
transistor may be formed on another region of the Substrate, 
so as to be connected to the node diffusion layer 56n among 
the first source/drain regions. 
0036 Referring to FIG.3, the first interlayer dielectric 58 
may be formed on the surface of the substrate 50 where the 
first transistor TD is formed. The first interlayer dielectric 58 
may be patterned to form a first contact hole 57 that exposes 
the semiconductor substrate 50. A single crystalline layer, 
e.g., an epitaxial layer 59, may be grown from the semicon 
ductor substrate 50 exposed by the first contact hole 57. 
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0037. By continuing to grow the epitaxial layer 59 while 
infusing the first contact hole 57, the epitaxial layer 59 may 
be expanded laterally across the surface of the first interlayer 
dielectric 58 as well as vertically from the first interlayer 
dielectric 58. The epitaxial layer 59 grown while infusing 
the first contact hole 57 in the first interlayer dielectric 58 
may extend to cover the top part of the first interlayer 
dielectric 58. The epitaxial layer 59 may be planarized and 
patterned to form a predetermined shape of the semicon 
ductor layer 60. 
0038 Alternatively, amorphous silicon or a polysilicon 
layer may be formed on the first interlayer dielectric 58. The 
amorphous silicon or polysilicon layer may be changed into 
a single crystalline silicon layer by employing, e.g., Solid 
phase epitaxial growth, thereby forming the semiconductor 
layer 60. The process may use a solid-phase epitaxial growth 
process with annealing, and/or a laser may be irradiated to 
change the amorphous silicon or polysilicon layer into a 
single-crystalline silicon layer. In this case, a process of 
forming the first contact hole 57 and/or the epitaxial growth 
process may not be required. 
0039 Referring to FIG. 5, the second transistor TL hav 
ing gate electrodes and second source/drain regions 62s and 
62d may be formed on the semiconductor layer 60. The 
second interlayer dielectric 64 may be formed on the surface 
of the substrate where the second transistor TL is formed. 
The second transistor TL may be, e.g., a P-channel transistor. 
Since the second transistor TL may be on the semiconductor 
layer 60 while the first transistor TD may be on the semi 
conductor substrate 50, the multi-level semiconductor 
device according to the first embodiment of the present 
invention may avoid the latch-up problem associated with 
the conventional approach wherein an N-channel transistor 
and a P-channel transistor are formed on a same plane in a 
narrow region. Accordingly, a multi-level semiconductor 
device according to the first embodiment of the present 
invention may provide an increased integration density as 
compared to a device having N-channel and P-channel 
transistors formed on a same plane. 
0040. Referring to FIG. 5, the second interlayer dielectric 
64 may be patterned to form a second contact hole 65 
exposing the semiconductor layer 60. According to the first 
embodiment of the present invention, the second contact 
hole 65 may be formed on the first contact hole 57. The 
second contact hole 65 may expose the semiconductor layer 
60 on which the second source/drain 62d is formed. 
0041 Impurities may be doped or injected into the semi 
conductor layer 60 exposed by the second contact hole 65 so 
as to form a region having a relatively high concentration of 
impurities, indicated by impurities layer 70, as compared to 
the level of impurities in the second source/drain regions 62s 
and 62d. The impurities injected to form the impurities layer 
70 may be of the same type used for the source/drain region 
62d. 
0042. After forming the impurities layer 70, the injected 
impurities may be diffused by thermal treatment. The impu 
rities layer 70 may be diffused laterally to a predetermined 
width in the semiconductor 60 so as to extend to be 
proximate to the second contact hole 65. The impurities 
layer 70 may extend around the entire circumference of the 
area exposed by the second contact hole 65. Thus, the 
contact pattern 66 formed in the contact hole 65a, as 
described below, may make contact with the impurities layer 
70 around the entire circumference of the contact hole 65a. 
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0043. Referring to FIG. 6, the semiconductor substrate 50 
may be exposed by Successively removing the portion of the 
semiconductor layer 60 that is exposed in the second contact 
hole 65, and by removing the epitaxial layer 59 in the first 
contact hole 57. Thus, the first interlayer dielectric 58, the 
second interlayer dielectric 64, and the semiconductor layer 
60 may be penetrated to form a continuous contact hole 65a. 
The sidewall part of impurities layer 70 may be exposed. 
0044) Referring to FIG. 7, a plug ion injected layer 72 
may be further formed at the first source/drain region 56n by 
injecting ions into the semiconductor Substrate 50 exposed 
in the contact hole 65a. The injected ions may be, e.g., 
N-type impurities. The second source/drain region 62d may 
be a P-type impurity layer, and the exposed sidewall of the 
more heavily doped region of the semiconductor layer 60, 
i.e., the exposed sidewall of the impurities layer 70, that is 
exposed in the contact hole 65a may have a high concen 
tration of impurities. 
0045 Continuing with FIG. 7, the contact pattern 66 may 
be formed by, e.g., conformally forming the barrier metal 
layer 66b within the contact hole 65a, and filling the contact 
hole 65a with the conductive plug 66p (see FIG. 1) within 
the barrier metal layer 66b. The barrier metal layer 66b may 
include one or more of titanium, titanium nitride, cobalt 
nickel, etc. The conductive plug 66p may include one or 
more of aluminum, copper, tungsten, etc. 
0046 According to an exemplary embodiment of the 
present invention, by forming a contact region in a more 
concentrated impurities layer 70 on the sidewall of the 
semiconductor layer 60 adjacent to the contact pattern 66, 
resistance may be decreased without increasing the thick 
ness of the semiconductor layer 60 and without generally 
increase of concentration of impurities in the second source? 
drain region 62d. 
0047 FIGS. 8 and 9 illustrate cross-sectional views of 
stages in a method of fabricating a multi-level semiconduc 
tor device according to another embodiment of the present 
invention. 
0048 Referring to FIG. 8, a second contact hole 165 may 
expose a portion of the semiconductor layer 60 and a portion 
of the first interlayer dielectric 58. The second contact hole 
165 may be offset by a predetermined amount with respect 
to the first contact hole 57. As shown, the area of semicon 
ductor layer 60 exposed by the second contact hole 165 may 
be increased by offsetting the edge of the semiconductor 
layer 60, the second contact hole 165 and the first contact 
hole 57 with respect to one another. The semiconductor layer 
60 may partially or completely cover the first contact hole 57 
Such that a single crystalline layer therein, e.g., the epitaxial 
layer 59, may contact an underside of the semiconductor 
layer 60 across part or all of the first contact hole 57. All or 
part of the portion of the semiconductor layer 60 that 
interfaces with the epitaxial layer 59 may be a relatively 
highly concentrated impurities layer 170. 
0049. The impurities layer 170 may be formed in a 
portion of the semiconductor layer 60 that is exposed in the 
second contact hole 165 in similar fashion to the formation 
of the impurities layer 70 described above, e.g., by doping 
the semiconductor layer 60 exposed in the second contact 
hole 165, thermally treating the doped semiconductor layer 
60, etc. 
0050 Referring to FIG. 9, by removing a portion of the 

first interlayer dielectric 58 that is exposed by the second 
contact hole 165, the sidewall of the epitaxial layer 59 within 
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the first contact hole 58 may be exposed. Thus, the contact 
hole 165a exposing the semiconductor substrate 50 may be 
formed. 
0051 Continuing with FIG. 9, a contact pattern 166 may 
be formed in the contact hole 165a. The contact pattern 166 
may include a barrier layer, e.g., a barrier metal layer 166b, 
and a conductive plug 166p. According to the second 
embodiment of the present invention, a contact resistance 
may be reduced due to contact between the contact pattern 
166 and a part of the top surface, as well as a sidewall of the 
epitaxial layer 59. The contact with the sidewall of the 
epitaxial layer 59 may reduce resistance even where the 
contact region with the semiconductor layer 60 may be 
Small. 
0052. As disclosed above, a contact pattern that electri 
cally connects a transistor on a semiconductor Substrate to a 
transistor on an overlying semiconductor layer may be 
formed, and resistance of a contact region between the 
contact pattern and the semiconductor layer may be 
decreased by forming a more highly-concentrated impurities 
region in the semiconductor layer adjacent the contact 
pattern. By increasing the impurities doping concentration 
rate in only the portion of the semiconductor layer that is 
adjacent to the contact pattern, an increase of leakage current 
may be minimized without changing the doping density in 
the Source? drain region. Thus, electrical characteristics of 
the device and the transistors may be improved. 
0053 Exemplary embodiments of the present invention 
have been disclosed herein, and although specific terms are 
employed, they are used and are to be interpreted in a 
generic and descriptive sense only and not for purpose of 
limitation. Accordingly, it will be understood by those of 
ordinary skill in the art that various changes in form and 
details may be made without departing from the spirit and 
scope of the present invention as set forth in the following 
claims. 

What is claimed is: 
1. A multi-level semiconductor device, comprising: 
a first transistor on a semiconductor Substrate, the first 

transistor including a first source/drain region; 
a semiconductor layer on the semiconductor Substrate; 
a second transistor on the semiconductor layer, the second 

transistor including a second source? drain region in a 
first portion of the semiconductor layer, and 

a contact pattern extending from the first source/drain 
region and contacting a second portion of the semicon 
ductor layer, 

wherein the second portion of the semiconductor layer has 
an impurity concentration that is greater than that of the 
second source/drain region. 

2. The multi-level semiconductor device as claimed in 
claim 1, wherein the second portion of the semiconductor 
layer Surrounds the contact pattern. 

3. The multi-level semiconductor device as claimed in 
claim 1, wherein the contact pattern comprises: 

a contact plug; and 
a barrier layer, wherein the barrier layer is between the 

contact plug and the semiconductor layer, and between 
the contact plug and the semiconductor Substrate. 

4. The multi-level semiconductor device as claimed in 
claim 1, wherein the device is configured to provide a same 
electrical signal through the contact pattern to each of the 
first and second source/drain regions. 
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5. The multi-level semiconductor device as claimed in 
claim 1, further comprising: 

a first interlayer dielectric covering the first transistor, the 
first interlayer dielectric being between the semicon 
ductor Substrate and the semiconductor layer; and 

a second interlayer dielectric covering the second tran 
sistor, 

wherein the contact pattern extends from the first source/ 
drain region through the first interlayer dielectric, the 
semiconductor layer, and the second interlayer dielec 
tric in sequence. 

6. The multi-level semiconductor device as claimed in 
claim 5, wherein the contact pattern comprises: 

a contact plug; and 
a barrier layer, wherein the barrier layer is between the 

contact plug and the first interlayer dielectric, between 
the contact plug and the second interlayer dielectric, 
between the contact plug and the semiconductor layer, 
and between the contact plug and the semiconductor 
Substrate. 

7. The multi-level semiconductor device as claimed in 
claim 1, wherein the contact pattern contacts a sidewall of 
the semiconductor layer and partially overlaps the semicon 
ductor layer so as to be in contact with a top Surface of the 
semiconductor layer. 

8. The multi-level semiconductor device as claimed in 
claim 7, further comprising a single crystalline layer extend 
ing from the first source/drain region and contacting the 
semiconductor layer. 

9. The multi-level semiconductor device as claimed in 
claim 8, wherein the contact pattern contacts a sidewall of 
the single crystalline layer. 

10. The multi-level semiconductor device as claimed in 
claim 8, wherein the contact pattern contacts a sidewall of 
the single crystalline layer and the first Source/drain region. 

11. The multi-level semiconductor device as claimed in 
claim 8, wherein the device is configured to provide a same 
electrical signal through the contact pattern to each of the 
first and second source? drain regions. 

12. The multi-level semiconductor device as claimed in 
claim 8, further comprising: 

a first interlayer dielectric covering the first transistor, the 
first interlayer dielectric being between the semicon 
ductor Substrate and the semiconductor layer; and 

a second interlayer dielectric covering the second tran 
sistor, 

wherein the single crystalline layer extends through the 
first interlayer dielectric, and 

the contact pattern extends through the first interlayer 
dielectric and the second interlayer dielectric. 

13. The multi-level semiconductor device as claimed in 
claim 12, wherein the contact pattern contacts a top surface 
and sidewall of the second source/drain region, a sidewall of 
the single crystalline layer, and the first source/drain region. 

14. The multi-level semiconductor device as claimed in 
claim 13, wherein the contact pattern comprises: 

a contact plug; and 
a barrier layer, wherein the barrier layer is interposed 

between the contact plug and the first interlayer dielec 
tric, between the contact plug and the second interlayer 
dielectric, between the contact plug and the semicon 
ductor Substrate, and between the contact plug and the 
single crystalline layer. 
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15. A method of fabricating a multi-level semiconductor 
device, comprising: 

forming a first transistor on a semiconductor Substrate, the 
first transistor including a first source? drain region; 

forming a semiconductor layer on the semiconductor 
Substrate; 

forming a second transistor on the semiconductor layer, 
the second transistor including a second source/drain 
region in a first portion of the semiconductor layer, 

doping impurities in a second portion of the semiconduc 
tor layer to form a contact region having a higher 
impurity concentration than the second source/drain 
region; and 

forming a contact pattern that extends from the first 
Source? drain region and contacts the contact region of 
the semiconductor layer. 

16. The method as claimed in claim 15, whereinforming 
the semiconductor layer comprises: 

forming a first interlayer dielectric on the semiconductor 
substrate, the first interlayer dielectric having a first 
contact hole that exposes a portion of the semiconduc 
tor Substrate; and 

forming a single crystalline layer that extends from the 
semiconductor substrate within the first contact hole 
across the first interlayer dielectric. 

17. The method as claimed in claim 15, whereinforming 
the contact region includes: 

forming an upper contact hole in an upper interlayer 
dielectric on the semiconductor layer, the upper contact 
hole exposing a portion of the semiconductor layer and 
partially overlapping a single crystalline layer in a 
lower interlayer dielectric; and 

doping the impurities in the semiconductor layer, 
and wherein forming the contact pattern includes: 
removing a portion of the lower interlayer dielectric 

exposed by the upper contact hole; and 
forming a conductive layer in the upper and lower contact 

holes, the conductive layer contacting the single crys 
talline layer. 

18. The method as claimed in claim 15, whereinforming 
the contact region comprises: 

forming a contact hole that exposes a portion of the 
semiconductor layer, and 

doping the impurities in the exposed portion of the 
semiconductor layer to form an impurities region that 
extends laterally in the semiconductor layer beyond the 
exposed portion of the semiconductor layer. 

19. The method as claimed in claim 18, whereinforming 
the contact pattern comprises: 

removing the exposed portion of the semiconductor layer 
to expose a sidewall of the laterally extending impuri 
ties region; and 

forming a conductive layer in the contact hole, the con 
ductive layer contacting the sidewall of the impurities 
region. 

20. The method as claimed in claim 18, wherein forming 
the impurities region includes a thermal treatment to diffuse 
the impurities laterally in the semiconductor layer. 


